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THE RELATION BETWEEN TH SKIN FRICTION DRAG AND THE SPIN
-REDUCIHG fOnOUL.}

@@ A-CicChaters and T, H Kent,
P i

(1Y BRL-287 "

On certain simplifying assumptions, a relation between the skin
friction drag and the spin reducing torque or axial couple is deduced.
L On the basis of measured values of the axial couple coefficient the
; skin friction drag coefficient is deduced and compared with the !

measured total drag. —1’0\ VM‘;H\,‘,4 \5 de v vede -{-0(
uﬂ\\raxv\%

It occ;;;;;~;;-;gi—o§—usﬁ—¢h&#>the measured values

of the axial couple coefricient sh
s Estimatines the skin friction drag coefficient.
purpose of this repor* is to derive a method of
this estimate.
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Consider a shell of caliber,d,moving nose on ,
the air with a velocity, v, and a velocity of rotatfon,
We make the assumption that the skin friction drag
an element dS of the surfacc of the shell is

\

; \

p £(z) u® ds

+ A, C, Charters. . ’ ‘ e
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in mkgnitude, where u is the velocity of the element with
respect to the atmosphere, p is the density of the un-
disturbed air and f£(z) is a function of z, the distance of
the: alement from the base of the shell. “he direction of the
skin friction drag on the element dS is taken to be opposite
to the direction of motion of the element ds.

If the radius of the shell at the section on which dS .
lies is r, the relative velocity u is evidently the vector
sum of v and ro or

sz + 1% 0 =,

The component of this force parallel to the axis of
the shell is obviously

p = £{z) uRds = pof(z) u v ds

gl

and the total skin friction drag on these assumptions is

fp £(2) uvds=p‘avff(z) as Q)
if is an appropriate average value of u.

The tangential component of the skin friction force is
evidently

p %%'f(z) u? ds = p £f(z) r © u as.

The torque produced by this force acting on the element 48
is

p £(z2)r® o u ds

and the total torque is

fp £(z) ré%u ds = P;o’ﬁ'/ £(z)r? das (2)

if u' is another appropriate average value of u.

It is apparent that to evaluate (1) one needs to know

the value offf(z)ds.

If T® represents a certain-average value of r? and the

torque is known,Jf r(é) ds 1s determined by the relation.
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J/f(z) s = torgue)
. ™ a1

(
T% pw u!
and the skin friction drag is giveu by

pavff(z) ds = :ét—o—?ﬂ—iel‘—_l (3)

7 o u

Ve accordingly teke the case of a cylindrical shell,
iike a proof slug, snd neglect the skin friction drag on
the nose and the base., Under these conditions

u=1u = Vv o+ =2,
r = d/2, and the skin friction drag is

L v {(toruue) (4)

d? o

According to Bzllistic Research Laboratory Report
No. 154, the torque desiznated by Ms has been represented
by

2
Mg = CA p d7 o Vv, (5)
where CA is the axial couple coefficilent. Practical units
are used us follows:
Quantity Units
Mg 1b £t?/sec®

ratio of air density to normal

d in
® rad/sec
v ft/sec

if selficoﬁsistent units are used we have

My =K, pa*ov, (6)

(R SR



where X, the axial couple coefficient is dimensionless., It
rnay be shown that

¢ = 12 C, = 2.76 x 10° C
A T 0751 YA T <0 X L*
From (4) and (6)
Lv p d4mv KA
DF - d2w

= [X,p 4%v? (7

where Dp 1s the skin friction drag.' If the skin friction
drag coefficient is designated by Kpp so that

then from (7)
Kpp P @%v2 = LK, p d®v® or, Kpp = 4K,.

According to Captain Sterne's anclysis of Dr. Van Allent's
results the value of Cp, for tune 2% shell M2 is 2.12 x 10-8
from which the value of Xj is found to be 5.85 x 10-3. The
corresponding value of Kpp 1s therefore 4 x 5.85 x 10=3 = .0234.%

The drag coefficient of this snell is approximstely .153
at a velocity of 2000 fit/sec. Hence the ratio of the skin
friction drag to the total drag is, on these assumptions

0234
.153 0153-

If the skin friction drag is evaluated by (3) instead of
(L), in other words, if r® is substituted for d&*/., we have

e
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fpr T E oy Ko
“~DF \ Pl 4
and the ratio K%; may be lerger thaa the value given, .153.

* . . . s
The cuctomary aerodynamlc expression for the skin friction drag is:
Dr = CpF p S v° ‘

vhere S is the surface of the projeciile. For the 3" shell M42, the
calculated S is 103,5 in?%, und S/d® iz 11.50. Hence,

Cpp = .00203, Kp = .00C,5uC 8/d%,

If 8'represents the,surface of the projccbilsg‘efclugive of the base,
S'is 96.5 1n® and §/d® is 10.72 for the 3" cicll M2, Then, -

CoF = .00218, Kp = 000,545 S/d2.
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von sarman® and Moore give 11 .ee an cstimeted value of
thls ratlo. *°

It follous frow the argument of puge 2 eouation (2)

that in place of (5) the wuxial couple could be expressed
more accurately in tae forn

M_ =K, d% o U

5 A

and for the cjlindrical shell tals would becone

. Y/ %
M, = K, 00" o Vv® + d% @2/, ",

h A henlon

A. C. Charters

@n\i‘VQMf'

. R, H. hkent

-

*yon Karmin and Moore, Trans. A.S.M.E., June 1932.
* This form was proposed indenendently by J. A. Van Allen in a letter
dated June 25th, received while this report was being written.
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